Introduction
============

Type 2 diabetes mellitus (T2DM) is a metabolic disorder that occurs as a result of insulin resistance and low levels of endogenous insulin production regardless of ethnicity. However, the characteristics of glucoregulation differ between Japanese and Caucasian individuals with or without T2DM. For example, Japanese persons reportedly have decreased early-phase insulin secretion, lower levels of β-cell function, a decreased reserve capacity of insulin secretion and increased insulin resistance compared with normative levels based on Caucasian populations [@b1]--[@b3]. Furthermore, in Japanese populations, a high frequency of a number of polymorphisms in genes with roles in normal glucose homeostasis and energy expenditure has been reported, predisposing some individuals to obesity [@b4],[@b5]. In spite of a metabolic background of low insulin secretion, the traditional Japanese lifestyle has historically had a protective effect against diabetes. However, the encroachment of sedentary work and a Western high-fat diet has increased insulin resistance in many Japanese individuals, which, in combination with predisposing genetic and metabolic factors, has resulted in a sudden upsurge in the prevalence of T2DM. Indeed, more than 13% of the Japanese population now has either T2DM or impaired glucose tolerance [@b6].

In individuals with normal glycaemic control, the release of insulin is amplified by the incretin hormones, limiting the extent of postprandial plasma glucose (PPG) excursions [@b7],[@b8]. The incretin glucagon-like peptide-1 (GLP-1) is released postprandially by the intestine, leading to the release of insulin and the suppression of glucagon release. Native GLP-1 is rapidly inactivated by dipeptidyl peptidase-4 (DPP-4) [@b9]. Endogenous GLP-1 levels are low in healthy Japanese subjects and in Japanese patients with T2DM; furthermore, meal-induced secretion of GLP-1 is considered to be negligible in both of these groups [@b10]--[@b12].

Early T2DM can generally be controlled with lifestyle measures and the use of oral antidiabetic drugs (OADs) [@b13],[@b14]. Sulphonylureas have historically been, and continue to be, the most commonly used OAD in Japan; however, use of other OADs, including the biguanide metformin, is growing [@b15]. T2DM is a chronic disease and increasing insulin resistance and declining β-cell function may mean that add-on medication to OADs is required to maintain effective glycaemic control.

Lixisenatide (Lyxumia®; Sanofi, Paris, France) is a once-daily (QD) prandial GLP-1 receptor agonist (RA) for the treatment of T2DM. Lixisenatide is structurally similar to the GLP-1 RA exenatide and both are structurally related to, but distinct from, GLP-1 and withstand degradation by DPP-4, thus prolonging their activity at GLP-1 receptors [@b16]. Compared with exenatide, lixisenatide has a modified C terminus. This trial evaluated the pharmacodynamics of lixisenatide in Japanese and Caucasian patients with T2DM poorly controlled on sulphonylureas with or without metformin in order to provide data pertaining to potential effects of ethnicity, and also efficacy and safety data with dose escalation. A stepwise dose initiation with lixisenatide was further evaluated in the phase III clinical programme in order to minimize gastrointestinal adverse events (AEs), which are a class effect with GLP-1 RAs. The effects of GLP-1 RAs as monotherapies or in combination with insulin or OADs in Asian patients and, more specifically, Japanese patients have been investigated previously [@b17]--[@b27]. However, the possibility that low endogenous GLP-1 production in Japanese patients results in differential effects with GLP-1 RA treatment compared with effects in Caucasian patients is intriguing and a direct comparison trial has not been reported previously.

The PDY6797 trial comprised a single-dose assessment of lixisenatide 5 and 10 µg, and a 5- to 6-week repeated dose-escalation assessment of lixisenatide once (QD) or twice daily (BID) following dose increases from 5 to 30 µg. In both sets of assessments, the effect of lixisenatide was monitored on PPG excursions after a standardized breakfast.

Materials and Methods
=====================

Trial Design
------------

This was an international, multicentre, randomized, double-blind, placebo-controlled, combined single-dose and repeated dose-escalation, parallel-group trial conducted in Japanese and Caucasian patients. The trial was conducted at 30 centres in five countries (Australia, Germany, Japan, South Africa and the Netherlands). The trial comprised five periods ([Figure 1](#fig01){ref-type="fig"}): (i) an up to 2-week screening phase; (ii) a single-blind placebo run-in period of 1 week with volume-matched placebo for lixisenatide 5 µg BID (i.e. one injection in the morning before breakfast and one injection in the evening before dinner); (iii) a single-dose period with randomization on the first day of dosing with a single injection in the morning (lixisenatide 5 µg or volume-matched placebo in cohort 1 and lixisenatide 10 µg or volume-matched placebo in cohort 2), followed by a placebo injection observation period of 2 days; (iv) a double-blind, placebo-controlled, dose-escalation, parallel-group period of 5 or 6 weeks of repeated-dose treatment administered QD or BID (according to starting dose: i.e. lixisenatide 10 µg per injection or volume-matched placebo, or 5 µg per injection or volume-matched placebo); and (v) a posttreatment follow-up period of 72 ± 24 h.

![Trial design at the 5 µg starting dose for lixisenatide or volume-matched placebo in patient cohort 1. Patients in cohort 2 received a single injection of lixisenatide 10 µg at randomization. Patients in cohort 2 started treatment with the 10 µg dose and then followed the same dose increase regimen, meaning that they received treatment for 1 week less than patients in cohort 1.](dom0016-0739-f1){#fig01}

All patients signed an informed consent form. The protocol for this trial complied with the recommendations of the Declaration of Helsinki and was submitted to and approved by independent ethics committees and/or the institutional review boards for each of the participating centres.

Patients were centrally randomized by an interactive voice response system in a 1 : 1 : 1 ratio to receive lixisenatide BID, lixisenatide QD or matching placebo within each ethnicity. The trial was double-blind with regard to QD/BID regimen and active versus placebo treatment but was not blinded with regard to trial drug volume. A central laboratory was used for the analysis of efficacy and safety parameters in this study (BARC, Ghent, Belgium) and an independent Data Monitoring Committee supervised the conduct of the study. Possible allergic events were adjudicated in a blinded manner by an external Allergic Reaction Assessment Committee (ARAC).

### Study Population

Included patients were Japanese or Caucasian men and postmenopausal women aged 20--75 years at screening with T2DM for at least 1 year prior to screening diagnosed according to American Diabetes Association criteria [@b28]. All included patients had glycated haemoglobin (HbA1c) ≥7.0 and ≤10.0% at the time of screening. Japanese patients living outside Japan were required to have Japanese nationality, both parents Japanese, and have not lived outside Japan for \>5 years. Treatment with sulphonylurea with/without metformin was required to be at a stable dose for at least 3 months prior to screening. At the time of screening, included patients had a body mass index (BMI) ≤35 kg/m^2^ at screening and fasting plasma glucose (FPG) between 108 and 250 mg/dl (6.0--13.9 mmol/l).

The main exclusion criteria were use of OADs other than a sulphonylurea or metformin within 3 months prior to screening or use of insulin for ≥1 week within the 6 months before screening. Other exclusion criteria included a history of chronic pancreatitis, pancreatectomy, stomach/gastric surgery, inflammatory bowel disease or irritable bowel syndrome, or a clinically relevant history of gastrointestinal disease associated with prolonged nausea and vomiting, including gastroparesis, within 6 months prior to the time of screening.

### Interventions

Lixisenatide or volume-matched placebo were self-administered subcutaneously in the thigh, abdomen or upper arm using a pen-type injector (OptiClik®, Sanofi). During the single-dose assessment, patients were administered the investigational drug (lixisenatide or volume-matched placebo) 5 µg (cohort 1) or 10 µg (cohort 2) exactly 30 min before the standardized meal. In the repeated dose-escalation assessment, patients in cohort 1 administered a starting dose of 5 µg QD or BID increasing every week in 5 µg increments -- provided safety and tolerability did not prevent further dose increase -- up to a total of 30 µg daily in the QD group and 60 µg daily in the BID group for 6 weeks. Patients in cohort 2 started with a dose of 10 µg QD or BID and then followed the same dose increase regimen described for cohort 1. Patients receiving lixisenatide QD administered lixisenatide in the morning and placebo in the evening; patients receiving lixisenatide BID administered lixisenatide in the morning and evening. Patients continued their previous dosage of sulphonylurea with/without metformin at a stable dose throughout the trial.

### Efficacy and Safety Assessments

The primary endpoint of this trial was change from baseline in PPG area under the curve (AUC)~\[0:29--4:30 h\]~ (h · mg/dl) after a standardized breakfast on the last day at the highest well-tolerated dose. This parameter was considered to be appropriate in light of the 5- or 6-week study duration, the available evidence with lixisenatide and the mechanism of action of GLP-1 RAs. Ingredients of the standardized 500 kcal breakfast were orange juice (180 ml), toasted bread (60 g), jam or preserves (20 g), butter or margarine (10 g), whole milk (120 ml), and coffee or tea with non-nutritive sweetener if desired [@b29].

Secondary endpoints included the treatment by ethnicity interaction of increasing QD/BID doses of lixisenatide on PPG AUC~\[0:29--4:30 h\]~ (h · mg/dl) after a standardized breakfast in Japanese and Caucasian patients and change from baseline in PPG AUC~\[0:29--4:30 h\]~ and 2-h PPG (mg/dl) after a standardized breakfast on the last day of lixisenatide 10, 20 and 30 µg doses or on the last day at the highest well-tolerated dose. Additional secondary endpoints were: change from baseline in FPG (mg/dl), HbA1c (%) and body weight on the last day of treatment at the highest well-tolerated dose.

AEs were monitored, including injection-site reactions, vital signs (blood pressure and heart rate), 12-lead electrocardiograms, laboratory tests (haematology and serum chemistry), symptomatic hypoglycaemia and severe hypoglycaemia. Symptomatic hypoglycaemia was defined as symptoms consistent with hypoglycaemia with an accompanying blood glucose \<60 mg/dl (3.3 mmol/l) or symptoms of hypoglycaemia without an accompanying blood glucose measurement, as long as the event was associated with prompt recovery after oral carbohydrate, intravenous glucose or glucagon administration. Severe hypoglycaemia was defined as an event with clinical symptoms that were considered to result from hypoglycaemia during which the patient required the assistance of another person and the event was associated with blood glucose \<36 mg/dl (\<2.0 mmol/l) or, if no blood or plasma glucose measurement was available, the event was associated with prompt recovery after oral carbohydrate, intravenous glucose or glucagon administration.

### Trial Populations

The modified intent-to-treat (mITT) population included all randomized patients who took at least one dose of trial medication and had a baseline and at least one postbaseline on-treatment value for the efficacy variables. The per-protocol (PP) population was defined as a subset of the mITT population who were treated at the 20 µg dose level or above on the last day of week 6 for cohort 1 or on the last day of week 5 for cohort 2, respectively; had a primary efficacy value at this dose level; and had no major protocol deviations. The safety population was defined as all randomized patients who took at least one dose of trial medication.

Statistical Methods
-------------------

### Sample Size Determination

The primary analysis was based on the PP population. Assuming 20% of patients would have a major protocol deviation, including early withdrawal, and a two-sided *t*-test of the null hypothesis of no treatment difference and a type one error rate of 5%, 20 patients randomized in each treatment group for each ethnicity would provide 90% power to detect a difference of change from baseline in PPG AUC~\[0:29--4:30 h\]~ (h · mg/dl) of −300 h · mg/dl (after a standardized breakfast) on the last day of the highest well-tolerated dose between each lixisenatide arm and placebo with the common standard error (s.e.) 250 h · mg/dl.

### Statistical Analysis

The primary efficacy variable was analysed using an analysis of covariance ([ancova]{.smallcaps}) model with treatment, cohort, ethnicity and interaction of treatment-by-ethnicity as fixed factors, and using baseline value as a covariate based on the PP population. An additional sensitivity analysis was also performed on the mITT population. The potential treatment-by-ethnicity interaction (performed on the mITT population) and other secondary variables were also tested using this [ancova]{.smallcaps} model. Adjusted means, 95% confidence intervals (CIs) for adjusted means and p-values (if appropriate) for comparison of lixisenatide QD or BID versus placebo were obtained overall and also by ethnicity. No adjustment for multiplicity was implemented. All safety data were summarized by treatment and ethnicity.

Results
=======

The first patient was enrolled in this trial on 3 November 2006 and the last patient completed the trial on 16 September 2007. Patient disposition is shown in Figure S1, Supporting information. In total, 120 patients were randomized in this trial. A total of 117 patients completed the study with 1 patient discontinuing in the placebo arm and 2 patients discontinuing in the lixisenatide BID arm (all due to AEs). The safety population comprised 120 patients, the mITT population comprised 119 patients and the PP population comprised 110 patients (lixisenatide QD n = 34, lixisenatide BID n = 37 and placebo n = 39).

Baseline Data
-------------

Table[1](#tbl1){ref-type="table"} shows baseline demographics and clinical characteristics for the overall population and for the population by ethnicity. Age, sex and duration of diabetes were similar across treatment groups and the median patient age was 62.0 years; 78.3% of patients were male. Compared with Caucasian patients, Japanese patients were more likely to be treated with sulphonylureas without metformin, had a shorter duration of sulphonylurea and metformin use, and were treated with lower daily doses of sulphonylureas or metformin.

###### 

Baseline demographic data and clinical characteristics overall and by ethnicity -- safety population

                                                                                               Overall population   Japanese patients   Caucasian patients                                                                                                       
  -------------------------------------------------------------------------------------------- -------------------- ------------------- -------------------- ------------------- ------------------- ------------------- ------------------- ------------------- -------------------
  Median age, years (min, max)                                                                 62.0 (44.0, 74.0)    64.0 (47.0, 75.0)   62.5 (36.0, 73.0)    62.0 (47.0, 74.0)   63.5 (47.0, 74.0)   64.0 (36.0, 73.0)   61.0 (44.0, 74.0)   66.0 (47.0, 75.0)   62.0 (39.0, 71.0)
  Male gender, n (%)                                                                           28 (71.8)            32 (78.0)           34 (85.0)            14 (70.0)           17 (77.3)           16 (76.2)           14 (73.7)           15 (78.9)           18 (94.7)
  Mean (s.d.) BMI, kg/m^2^                                                                     25.1 (3.7)           27.5 (4.4)          26.4 (3.5)           22.6 (2.2)          25.9 (4.4)          24.5 (3.2)          27.8 (2.8)          29.4 (3.5)          28.5 (2.6)
  Prior OAD use, n (%)                                                                                                                                                                                                                                           
   Sulphonylurea[\*](#tf1-1){ref-type="table-fn"}                                              14 (35.9)            19 (46.3)           18 (45.0)            12 (60.0)           16 (72.7)           15 (71.4)           2 (10.5)            3 (15.8)            3 (15.8)
   Sulphonylurea[\*](#tf1-1){ref-type="table-fn"}+metformin                                    25 (64.1)            22 (53.7)           22 (55.0)            8 (40.0)            6 (27.3)            6 (28.6)            17 (89.5)           16 (84.2)           16 (84.2)
  Median (min, max) duration of T2DM, years                                                    10.4 (2.5, 26.8)     7.4 (1.2, 45.3)     8.4 (1.4, 21.4)      10.8 (2.9, 26.8)    5.7 (1.4, 40.3)     8.0 (1.5, 15.0)     10.4 (2.5, 20.0)    10.1 (1.2, 45.3)    8.4 (1.4, 21.4)
  Median (min, max) duration of metformin use, years                                           2.6 (0.4, 16.4)      4.3 (0.3, 45.3)     1.8 (0.3, 17.3)      1.9 (0.4, 6.1)      1.6 (0.3, 5.9)      0.7 (0.3, 3.0)      7.4 (0.5, 16.4)     6.9 (0.3, 45.3)     2.8 (0.3, 17.3)
  Mean (s.d.) metformin total daily dose, g/day                                                1.4 (0.9)            1.6 (1.0)           1.3 (0.7)            0.6 (0.2)           0.5 (0.2)           0.5 (0.2)           1.8 (0.8)           2.0 (0.8)           1.6 (0.6)
  Median (min, max) duration of sulphonylurea use, years                                       2.1 (0.3, 16.4)      1.8 (0.3, 18.1)     1.5 (0.3, 17.3)      1.2 (0.3, 5.0)      0.9 (0.3, 5.9)      1.3 (0.3, 8.7)      7.4 (0.4, 16.4)     5.3 (0.8, 18.1)     2.7 (0.4, 17.3)
  Mean (s.d.) baseline PPG AUC~\[0:29--4:30 h\]~ (h · mg/dl)[†](#tf1-2){ref-type="table-fn"}   837.0 (153.8)        866.7 (169.6)       885.9 (164.8)        889.4 (150.8)       859.9 (189.4)       871.6 (156.3)       781.8 (140.2)       874.7 (148.0)       902.6 (177.2)
  HbA1c group, n/N (%)                                                                                                                                                                                                                                           
   \<8.5                                                                                       26 (66.7)            20 (48.8)           23 (57.5)            9 (45.0)            9 (40.9)            9 (42.9)            17 (89.5)           11 (57.9)           14 (73.7)
   ≥8.5                                                                                        13 (33.3)            21 (51.2)           17 (42.5)            11 (55.0)           13 (59.1)           12 (57.1)           2 (10.5)            8 (42.1)            5 (26.3)

AUC, area under the curve; BID, twice daily; BMI, body mass index; HbA1c, glycated haemoglobin; OAD, oral antidiabetic drug; PPG, postprandial plasma glucose; QD, once daily; s.d., standard deviation; T2DM, type 2 diabetes mellitus.

Sulphonylureas used included glibenclamide, glibomet, gliclazide glimepiride, glipizide and tolbutanide.

After a standardized breakfast.

Mean PPG AUC~\[0:29--4:30 h\]~ at baseline ranged from 781.8 to 902.6 h · mg/dl (Table[1](#tbl1){ref-type="table"}). Baseline FPG and PPG after breakfast were well balanced between Caucasian and Japanese patients (Table[2](#tbl2){ref-type="table"}). Compared with Caucasian patients at baseline, Japanese patients were more likely to have HbA1c ≥ 8.5% (Table[1](#tbl1){ref-type="table"}), have higher HbA1c (Table[2](#tbl2){ref-type="table"}), lower body weight (Table[2](#tbl2){ref-type="table"}) and a lower BMI (Table[1](#tbl1){ref-type="table"}).

###### 

Baseline means and LS mean change from baseline for efficacy parameters on the last day at the highest well-tolerated dose in the overall population and by ethnicity -- PP population

                                                     Overall population                                  Japanese patients                                   Caucasian patients                                                                                   
  -------------------------------------------------- --------------------------------------------------- --------------------------------------------------- -------------------- --------------- --------------- --------------- --------------- --------------- ---------------
  2-h PPG[\*](#tf2-3){ref-type="table-fn"} (mg/dl)                                                                                                                                                                                                                
   Baseline mean (s.d.)                              238.9 (52.4)                                        244.4 (58.9)                                        254.5 (50.9)         257.3 (56.1)    240.4 (67.4)    254.7 (51.1)    220.6 (42.4)    249.2 (48.6)    254.2 (52.1)
   LS mean change (s.e.)                             −150.2 (7.7)[\*\*\*](#tf2-2){ref-type="table-fn"}   −128.7 (7.4)[\*\*\*](#tf2-2){ref-type="table-fn"}   −25.3 (7.3)          −160.3 (10.8)   −141.4 (9.8)    −20.6 (9.6)     −140.1 (10.6)   −116.0 (10.6)   −30.0 (10.3)
  FPG (mg/dl)                                                                                                                                                                                                                                                     
   Baseline mean (s.d.)                              163.0 (30.7)                                        169.2 (39.4)                                        165.3 (40.3)         154.3 (25.3)    167.1 (31.5)    147.6 (33.1)    171.6 (33.8)    171.8 (48.0)    185.9 (38.8)
   LS mean change (s.e.)                             −33.9 (4.4)[\*\*](#tf2-1){ref-type="table-fn"}      −42.1 (4.3)[\*\*\*](#tf2-2){ref-type="table-fn"}    −15.3 (4.2)          −41.1 (6.2)     −49.8 (5.6)     −18.7 (5.6)     −26.8 (6.1)     −34.4 (6.1)     −11.8 (6.1)
  HbA1c (%)                                                                                                                                                                                                                                                       
   Baseline mean (s.d.)                              8.17 (0.75)                                         8.49 (0.85)                                         8.39 (0.75)          8.59 (0.70)     8.64 (0.88)     8.64 (0.76)     7.75 (0.54)     8.32 (0.81)     8.11 (0.65)
   LS mean change (s.e.)                             −0.94 (0.07)[\*\*\*](#tf2-2){ref-type="table-fn"}   −1.13 (0.07)[\*\*\*](#tf2-2){ref-type="table-fn"}   −0.41 (0.07)         −1.13 (0.10)    −1.26 (0.09)    −0.37 (0.09)    −0.75 (0.10)    −1.00 (0.10)    −0.44 (0.10)
  Body weight (kg)                                                                                                                                                                                                                                                
   Baseline mean (s.d.)                              72.51 (17.37)                                       79.06 (16.89)                                       76.29 (15.78)        60.51 (7.59)    71.71 (14.90)   66.76 (12.65)   84.51 (16.09)   87.71 (15.20)   87.41 (11.20)
   LS mean change (s.e.)                             −0.95 (0.33)                                        −0.85 (0.32)                                        −0.36 (0.31)         −0.70 (0.50)    −0.72 (0.42)    −1.06 (0.42)    −1.20 (0.46)    −0.98 (0.48)    0.34 (0.46)

p \< 0.01 versus placebo;

p ≤ 0.001 versus placebo (p-values only provided for the overall population). BID, twice daily; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; LS, least squares; PP, per protocol; PPG, postprandial plasma glucose; QD, once daily; s.d., standard deviation; s.e., standard error.

After a standardized breakfast

Differences between the lixisenatide QD and BID groups at baseline included younger age, higher rates of sulphonylurea plus metformin use, longer T2DM duration and longer duration of sulphonylurea use in the lixisenatide QD group (Table[1](#tbl1){ref-type="table"}). Patients treated with lixisenatide BID were more likely to be treated with a sulphonylurea without metformin (Table[1](#tbl1){ref-type="table"}), had higher HbA1c at baseline (Table[2](#tbl2){ref-type="table"}) and were of greater body weight (Table[2](#tbl2){ref-type="table"}).

Primary Endpoint
----------------

In the PP population, least square (LS) mean (s.e.) differences in PPG AUC~\[0:29--4:30 h\]~ were −333.4 (26.9) and −288.8 (26.1) h · mg/dl for lixisenatide QD and BID versus placebo, respectively (p \< 0.0001 for both; [Figure 2](#fig02){ref-type="fig"}). The LS mean (s.e.) difference in PPG AUC~\[0:29--4:30 h\]~ for Japanese patients was −406.7 (36.7) and −346.3 (35.1) h · mg/dl for lixisenatide QD and BID versus placebo, respectively (p \< 0.0001 for both; [Figure 2](#fig02){ref-type="fig"}) and for Caucasian patients it was −260.1 (39.5) and −231.3 (38.6) h · mg/dl for lixisenatide QD and BID versus placebo, respectively (p \< 0.0001 for both; [Figure 2](#fig02){ref-type="fig"}).

![Least square (LS) mean change from baseline to trial end in postprandial plasma glucose (PPG) area under the curve (AUC)~\[0:29--4:30 h\]~ (h · mg/dl) at the highest well-tolerated dose of lixisenatide or placebo after a standardized breakfast in the overall population and by ethnicity -- per protocol (PP) population. ^\*\*\*^p \< 0.0001 versus placebo. BID, twice daily; QD, once daily.](dom0016-0739-f2){#fig02}

Secondary Endpoints
-------------------

The LS mean difference between lixisenatide QD/BID combined and placebo for the primary endpoint of change from baseline versus placebo in PPG AUC~\[0:29--4:30 h\]~ in Japanese versus Caucasian patients in the mITT population was −122.3 h · mg/dl (95% CI: −211.10, −33.51; p = 0.0074). These data indicated that, compared with Caucasian patients, Japanese patients treated with lixisenatide experienced a significantly greater benefit in terms of reduction of PPG AUC~\[0:29--4:30 h\]~ after a standardized breakfast.

Reductions in PPG AUC~\[0:29--4:30 h\]~ after the standardized breakfast were observed with lixisenatide QD and BID versus placebo in both ethnic groups at all doses, with a greater effect reported in Japanese patients ([Figure 3](#fig03){ref-type="fig"}). In Japanese patients, maximum PPG AUC~\[0:29--4:30 h\]~ reductions were achieved with the lixisenatide 20 µg QD dose, while Caucasian patients experienced similar reductions at both the 20 and 30 µg doses (QD or BID), which were both greater than that for the 10 µg dose.

![Least squares (LS) mean change from baseline in postprandial plasma glucose (PPG) area under the curve (AUC)~\[0:29--4:30 h\]~ (h · mg/dl) after a standardized breakfast on the last day of administration of lixisenatide 10, 20 and 30 µg or placebo by ethnicity -- per protocol (PP) population. BID, twice daily; QD, once daily.](dom0016-0739-f3){#fig03}

LS mean (s.e.) change from baseline in the secondary efficacy parameters for each treatment group is shown in Table[2](#tbl2){ref-type="table"}. The LS mean (s.e.) differences in 2-h PPG after a standardized breakfast in patients treated with lixisenatide QD and BID versus placebo in the overall population at the highest well-tolerated dose were −124.9 (10.0) and −103.4 (9.8) mg/dl, respectively (p \< 0.0001 for both). In Japanese patients, LS mean differences (95% CI) in 2-h PPG with lixisenatide QD and BID versus placebo were −139.7 (−167.14, −112.31) and −120.8 (−147.12, −94.47) mg/dl, and in Caucasian patients were −110.0 (−138.93, −81.15) and −86.0 (−114.43, −57.63) mg/dl, respectively. Reductions in 2-h PPG were greatest at the 20 µg dose (for both lixisenatide QD and BID) in Japanese patients, while in Caucasian patients, reduction with lixisenatide QD and BID 20 and 30 µg doses were similar and were greater than that for the 10 µg dose (data not shown).

In the overall population, change from baseline in FPG on the last day of the highest well-tolerated dose was significantly greater with lixisenatide QD and BID compared with placebo \[LS mean (s.e.) difference −18.6 (5.8) and −26.8 (5.6) mg/dl, respectively; p \< 0.01 for both\]. The LS mean differences (95% CI) versus placebo in terms of FPG reductions from baseline for Japanese patients treated with lixisenatide QD or BID were −22.3 (−38.20, −6.47) and −31.1 (−46.43, −15.68) mg/dl and for Caucasian patients were −14.9 (−31.47, 1.57) and −22.6 (−39.06, −6.04) mg/dl, respectively.

In the overall population, the LS mean (s.e.) differences in change from baseline in HbA1c at the last day of the highest well-tolerated dose of lixisenatide QD and BID compared with placebo were −0.53% (0.09%) and −0.72% (0.09%), respectively (p \< 0.0001 for both). LS mean differences (95% CI) in HbA1c change from baseline in Japanese patients treated with lixisenatide QD and BID versus placebo were −0.76% (−1.012, −0.505) and −0.89% (−1.133, −0.648), respectively. In Caucasian patients, LS mean differences (95% CI) versus placebo for HbA1c with lixisenatide QD and BID were −0.31% (−0.573, −0.043) and −0.56% (−0.820, −0.293), respectively.

In the overall population, weight change from baseline to the last day of the highest well-tolerated dose did not reach statistical significance \[LS mean (s.e.) difference −0.59 (0.43) and −0.49 (0.42) kg versus placebo for the lixisenatide QD- and BID-treated patients, respectively\]. Weight loss with lixisenatide treatment versus placebo was observed in Caucasian patients \[LS mean differences (95% CI) −1.54 (−2.749, −0.330) and −1.32 (−2.526, −0.111) kg for lixisenatide QD and BID, respectively\]. In Japanese patients, the LS mean differences (95% CI) with lixisenatide QD and BID versus placebo were 0.36 (−0.819, 1.534) and 0.34 (−0.787, 1.458) kg, respectively. A large placebo effect on body weight loss was observed in Japanese patients \[LS mean (s.e.) change from baseline −1.06 (0.42) kg; Table[2](#tbl2){ref-type="table"}\].

Safety
------

Mean treatment duration of the trial ranged from 36.8 to 38.8 days. At study end, the majority (85--95%) of patients of either ethnicity were receiving ≥20 µg lixisenatide.

Table[3](#tbl3){ref-type="table"} summarizes the occurrence of treatment-emergent adverse events (TEAEs). Table S1 summarizes TEAEs that occurred in ≥5% of patients by organ system. Overall, the proportion of patients with TEAEs was similar among the three treatment groups, although the rate of TEAEs was slightly higher in the lixisenatide QD group. The patterns of AEs overall was similar in Japanese and Caucasian patients and no deaths were reported. Two serious AEs occurred, both in Caucasian patients; these were a new onset of second degree atrioventricular block and a case of coronary artery disease and neither event was judged to be related to treatment.

###### 

Summary of TEAEs in the overall population and by ethnicity -- safety population

                                                                                  Overall population   Japanese patients   Caucasian patients                                                               
  ------------------------------------------------------------------------------- -------------------- ------------------- -------------------- ----------- ----------- ----------- ----------- ----------- -----------
  Any TEAE                                                                        35 (89.7)            31 (75.6)           29 (72.5)            17 (85.0)   17 (77.3)   13 (61.9)   18 (94.7)   14 (73.7)   16 (84.2)
  Any serious TEAE                                                                0                    1 (2.4)             1 (2.5)              0           0           0           0           1 (5.3)     1 (5.3)
  TEAE leading to treatment discontinuation                                       0                    2 (4.9)             1 (2.5)              0           1 (4.5)     0           0           1 (5.3)     1 (5.3)
  Diarrhoea                                                                       3 (7.7)              9 (22.0)            5 (12.5)             1 (5.0)     5 (22.7)    1 (4.8)     2 (10.5)    4 (21.1)    4 (21.1)
  Nausea                                                                          16 (41.0)            8 (19.5)            1 (2.5)              10 (50.0)   4 (18.2)    0           6 (31.6)    4 (21.1)    1 (5.3)
  Vomiting                                                                        5 (12.8)             6 (14.6)            0                    2 (10.0)    4 (18.2)    0           3 (15.8)    2 (10.5)    0
  Symptomatic hypoglycaemia (according to prespecified per-protocol definition)   8 (20.5)             9 (22.0)            3 (7.5)              4 (20.0)    7 (31.8)    3 (14.3)    4 (21.1)    2 (10.5)    0

EU Clinical Trials Register Number: EUCTR2006-003138-13-DE. BID, twice daily; QD, once daily; TEAE, treatment-emergent adverse event.

The TEAEs reported most frequently in the lixisenatide-treated patients were gastrointestinal disorders, particularly nausea, vomiting and diarrhoea, which had a similar distribution in both ethnicities; nausea and vomiting were more common in the active-treatment groups compared with placebo (Table[3](#tbl3){ref-type="table"}). No patient permanently discontinued the study due to these TEAEs, which were mostly mild to moderate in intensity. Higher rates of diarrhoea were reported in patients treated with lixisenatide BID compared with lixisenatide QD (Table[3](#tbl3){ref-type="table"}).

In Japanese patients, four (20.0%), seven (31.8%) and three (14.3%) patients experienced predefined symptomatic hypoglycaemia in the lixisenatide QD and BID groups and the placebo group, respectively. The corresponding figures in Caucasian patients were, four (21.1%), two (10.5%) and zero patients, respectively (Table[3](#tbl3){ref-type="table"}). No severe hypoglycaemic events occurred in this trial. No events of pancreatitis were reported. One event of application-site erythema was reported for a Japanese patient (placebo-treatment arm) and injection-site pain and injection-site reaction were reported once in a Caucasian patient (lixisenatide QD-treatment arm). One Japanese patient in the lixisenatide QD-treatment arm experienced allergic rhinitis adjudicated by the ARAC to be unrelated to study treatment.

Discussion
==========

Treatment with lixisenatide over 5--6 weeks significantly improved PPG control in Japanese and Caucasian patients, as assessed by PPG AUC~\[0:29--4:30 h\]~ after a standardized breakfast on the last day at the highest well-tolerated dose. Overall, and for both ethnicities, there was a numerical trend towards a greater treatment effect with lixisenatide QD compared with lixisenatide BID. In addition, in the Japanese population, the maximum treatment effect was observed for the 20 µg dose, while both the 20 µg and the 30 µg doses produced similar responses in Caucasian patients, suggesting that the 20 µg dose is optimal.

The effect of other GLP-1 RAs in Asian patients with T2DM (including some Japanese patient-specific trials) has been reported previously [@b17]--[@b27]; however, herein we report, to our knowledge, the first trial directly comparing the effects of a GLP-1 RA (lixisenatide) in Japanese and Caucasian populations. The significant (p = 0.0074) treatment-by-ethnicity interaction seen in this trial in terms of improvement of PPG control indicates that Japanese patients experienced a greater benefit with lixisenatide than Caucasian patients. This finding may be attributable to the lower levels of endogenous GLP-1 RAs in Japanese patients [@b11],[@b12], and possibly also the fact that Japanese patients had, in general, a lower body weight and BMI at baseline. Differences in disease characteristics between patients of the two ethnicities investigated herein may indicate that a prandial treatment, such as lixisenatide, has a more profound effect in Japanese patients.

Significant improvements were also seen with lixisenatide QD and BID versus placebo in the overall population in terms of change from baseline in 2-h PPG after a standardized breakfast on the last day of treatment at the highest well-tolerated dose. Substantial body weight loss was reported for Caucasian patients treated with lixisenatide QD and BID; however, a large placebo effect on body weight reduction was observed in Japanese patients which complicated interpretation of this outcome for this ethnic group.

Lixisenatide safety was similar for both ethnicities in this trial. Gastrointestinal disorders (nausea, vomiting and diarrhoea) were the most frequent TEAEs and had a similar pattern in Japanese and Caucasian patients; nausea and vomiting occurred more frequently with active treatment compared with placebo. Events of symptomatic hypoglycaemia were observed in patients of both ethnicities in this trial, which was expected due to the co-administration of sulphonylureas, a known risk factor for the development of hypoglycaemia when combined with GLP-1 RAs [@b30].

The findings of this pharmacodynamics trial supported the use of lixisenatide 20 µg QD in phase III trials in Japanese patients [@b26]. In Japanese and Caucasian patients in this study, and in Caucasian patients in the dose-finding study [@b31], the lixisenatide 20 µg QD dose selected for maintenance had a favourable safety profile compared with a BID regimen, was well tolerated and provided the best acceptability in terms of patient convenience. Moreover, the efficacy and safety of lixisenatide in Japanese patients with T2DM has been investigated further in various treatment settings [@b32],[@b33] and lixisenatide has been approved recently in Japan.

In conclusion, once-daily prandial GLP-1 RA lixisenatide significantly reduced PPG AUC~\[0:29--4:30 h\]~ versus placebo at the highest well-tolerated dose and had a good safety and tolerability profile in Japanese and Caucasian patients with T2DM treated with sulphonylureas with or without metformin. Japanese patients experienced particular benefits with lixisenatide in terms of reductions in PPG excursions.
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